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IF Need DOE-2 Help!? Call Bruce!!
Bruce Birdsall is available to answer user gues-
tions. You may call him Monday through Fri-
day, from 10:00 a.m.to 3:00 p.m. (PST), at
510-829-8459. This service is supported by the
Simulation Resarch Group.

1/93 900 -— {c) 1993 Regents of the Univ. California,
Lawrence Berkeley Laboratory. Supported by the
Asst. Secretary for Conservation and Renewsble
Energy, Office of Building Technologies, Building Sys-
tems and Materials Division of the U. S Dept. of
Energy, Contract DE-ACO3-765F00098.
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@ MEETINGS I

Mar 24-26, 1993 —— Sizth National Demand-
. Side Management Conference

to be helcl in Mla.mn Beach, FL.

Contact: Patrice lgnelzn, ,.Sixth  National
Demand-Side Management ‘-Conference, 1320
Solano Avenue %203, Albany, CA 95706.

May 3-4, 1993 — Institutional Energy
Conservation Programa:
oo Prudent Management

to be held at the Unlverszty of anesota.

Twin Cities Campus.

Contact: David Grimsrud, Minnesota Build-
ing Research Center, 330 Wulling Hall, 86
Pleasant Street S.E., Univ. of Minnesota, Min- .
neapolis, MN 55455 — Ph: (612) 626-74196.

Jun 1-5, 1993 — ECEEE Summer Study 1999:
Energy Efficiency C'haUenge
_for Europe .

to be held in Runstedgard Denmark

Contact: ECEEE  Summer Study, NVE,
P.O. 5001 Maj., 0301 Oslo, Norway

Ph: 47-2-44-9002, Fx: 47-2-93-9099.

Jun 21-25, 1993 ~— Innovative Housing ...
A world conference on advanced housing for
energy efficiency and environmental responsi-
bility; to be held in Vancouver, B.C., Canada.
Sponsors: CANMET, Canada Mortgage and
Housing Corporation, Canadian Home Build-
ers Association, International Energy Agency.
Contact: Darinka Tolot, Conference Coordi-
nator, CANMET, 580 Booth Street, 7th Floor,
Ottawa, Ontario K1A OE6, Canada

Ph: (613) 943-2259, Fx: 996-94186.
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-~ ENERGY ANALYSIS OF THE TEXAS CAPITOL RESTORATION

L B, D, Hunn, Ph.D. J. A. Banks S. N. Reddy
Head, Building Energy Systems Program  Research Associate Craduate Research Assistant
Center for Energy Studies ) Center for Energy Studies Cenier for Energy Studies
The University of Texas at Austin The University of Texas at Austin The University of Texas at Austin
ABSTRACT . BASE CA ESIGN MODEL
This paper presents the methodology and results of a detailed : c,\prroLSE_D G FOR THE RESTORED

energy analysis of the Texas Capitol Restoration. The purpase of

this analysis :fu mfokfidcls)l w i]etcrminc the projected energy Qccupancy Assumptions and Zoning Configurarion
cost savings of a series of design alemarives for the Capitol The Legislature w umed i
Restoration, snd 2) o calibrate the simulation model of the yenn s O acnsste. The bulding s Stocsnte 2 b dty
Capitol in its prerestored condition (in September 1991 ) using with public spaces fully lighted and open at all times, but with
monitored energy use data from the Texas LoanSTAR program. offices except for cleaning staff, from 10 PM to 8 AM
The Capitol in its proposed restored condition was simulated Occupancy of the Senate and House chambers and hearing rooms
using the DOE-2 blﬁlg'?E ¢ analysis computer program follows typical in-session patterns for sessions, hearings, and
with long-tenm Austin weather data 1o project the annyal energy ours. .
use, peak electric demand, and annual energy cost. Then a series The restared Capitol, which consists of 318,095 gross
of 13 encrgy efficieat design altemacives was sitmulaled. The usesble square feet of floor area (all of which are conditioned)
resulls were compared to those of the base case to determuine the was divided into 28 thermal zones for the DOE-2 analysis. The
projected annual energy and energy cost savings for cach approach adopted was to aggregate similar areas vertically so as
measure, and facr;gnaﬁonso several of the measures, to minimize the number of zones 10 be considered. This
Finally, the paper docurnents the calibration of the DOE-2 aggregation took into consideration orientation (sclaz
mode! for the Capitol in its prerestored condition, vsing differentiation), occupancy and use patems, and exterior wall
monitored hourly whole-building electric data (excluding heating cometry. Figure 1 shows the zoning adopied; see Reference 3
and cooling energy). - for a detailed description, '
INTRODUCTION 1. Ground sast north ﬁ
In October 1991 consmruction began on the restoration of the 3. Ground east south sy
Texas State Capitol o its ariginal 1880s condition. The 3. Grousd west north - = -
restoration is being coordinaied with the construction of the 4. Ground west south :
underground Capitol Extension building that is being built adjacent 5. Grousd & lst north sast
4 0 the Capitol toits north. Because of its historic nature the 6. Ground B 1at north west _
Capitol is exempt from the Texas Energy Conservation Design * b b enat Faunh Foar
Standard for New State Buildings (4). However, it was the 7+ 3rd k 4th porih e
desire of the State Preservation Board and the Governor’s Energy 8. 3rd & 5th north west
Office to incorporate as many energy efficient features as were 8. Ground through 4th south BRI
feasible. 10. 21st sast north
Thus, the Center for Energy Studies at The University of 11. 1st eagt south E w » win
Texas at Austin was contracted to conduct a detailed encrgy 12, 1st wast north I I I f
analysis of the Capito} Restoration design 50 as to determune the 13, 1st west south
projected energy cost savings and payback periods of a proposed 14. Kitchen ' Thied Floce
series of 13 design alternatives and several combinations of these : 4
alternatives. The payback periods were then used in retrofit 15, 1t east corridor
funding decisions for the LoanSTAR program. We used the {6, 1st west corridor ”
DOE-2.1D uilding encrgy analysis computer pmliram (IB® PC 17. Librery
version) to simulate the building (5). Because of the complex : 18. Sepste chanber mos] |22l » » wl|n
building configwation and its diverse functional use patiem, the 19. Houss chamber
energy analysis challenged the limits of the building energy 20. Spesker's &partment
simulation program. 21. 2na & 3rd east end Second Foor

A seco objective of the study was 1o calibrate the
simalation 3(113 Cagi;ol in its prevestored condition using 3. 3nd & 3rd west end
monitored energy use data from the Texas LoanSTAR program 23. 4th sast atric
(8). A lack of reliable measured heating and cooling data limited - 2. 4th west atiic o1s
‘ k-

the calibration to non-plant electric energy. The results of the 25. Sth atrie
calibration were not used in the restored Capitol analysis. 28. Central core
This paper describes the DOE-2 input data gathering process 27. Rotunda

for the Capitol and the assumptions made in the model. 28. Tusnel (not shawn)

Simulation resubs, using long-term average Test Metearological Fust Floor

Year (TMY) weather data, are presented for the Capitol

Restoration design originally proposed by the contract architects ll [I
[ ] ]

and enginesrs. These results are presented in terms of annual

energy use (gas and electricity), peak electric demand, and E 1, .
estimated annual energy cost. Then energy cost savings results =
A 4 1

are presented for a senes of energy efficient design aliematives, s
b including envelope, Lighting, and HVAC system measures, as

compared 1 the original design base case. Finally, we document Fith Ploer 4. Guouns oot

the calibration of the DOE-2 mode] using monitored hourly

whole-buildin g electric data for the Capitol in its prerestored

condition, A detailed discussion of the analysis and results is _

presented in Reference 3. Figure 1. Zoning Contiguration for Capitol Restoration Model
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Although the Capitol involves an elzborate exterior,
plifications were required for a workable computer model. In

veral places walls were moved outward 1o be flush with the
enwances, giving a simpler rectangular form, and portcoes and
entrance setbacks were eliminated. Care was taken to keep the
extenor wall arez and enclosed floor area constant. Although
self-shading of the building in the setbacks and notches was st
in the simplified outline, seif-shading of exterior walls was
maintained. A comparison of the simplified outline with a more
derailed model showed a difference o? only {% in overall heating
and cooling loads. Shading from exterior pilasters, colurnrs,
wall offsets, and comices is also neglected, but shading from
large nearby rees isnot  The curved upper rotunda and dome
were represented by a rectangular solid with equal surface area,
The attic spaces were simplified into rectangular shapes with flat
roofs, with the height of the side walls set 1o give equivalent
volume.,

Wall construction is of uninsulated limestone, with
thickness varying from 2 i at the 1op 10 5-6 ft at the bottom; a-
granite facade covers most of the exwtrior aree. The compesite
wall is modeled as a 4-ft thick masonry wall, the maximum
thickness allowed for the DOE-2 weighting factors. Roof
construction is uninsulated wood, with byilt-up roofing; the attic
skylights are 3/8-in. textured glass in metal frames,

Windows

All windows are single-glazed with wood frames, modeled
with a U-value of 0.98 Btwh-fi2-°F and a shading coefficient of
0.82 for 1/4-inch glass. ‘The number of windows in the model is
reduced by representing groups of similar windows by a single
window located at the center of the group; a muldplier command
increases the effective window area to equal that of the group,
while maintaining essentially equivalent shading effects, Ground
floor windows, which are partly below grade, have the topone-

bzhird of their arez exposed to solar irradiation, with the rermainder

within light wells shaded by a metal grating covered by screes.
This lower window section is assumed 1o receive no solar
irradiation, but is exposed to outside emperatures,

I

Schedules for occupancy, lighting, and cc%uipmenl use, and
for HVAC system operation, are assumed 10 follow daily,
in-session panems in the grcrcstorcd Capitol. For most
schedules, the day is divided into the regular workday from 8
AM 1o 6 PM, an extended workday from 6 PM 1o 10 PM, and
night from 10 PM to 8 AM. Typical occupancy and equipment
schedules for offices (the majority of the floor space) are 100%
of design values during peak occupied hours, and 2% dyring
unoccupied hours. Similarly, the office lighting schedule is
essentially 100% during peak occupied hours and 20-35% during
unoccupied hours. Six basic schedules are used; public,
night/emergency, office, Senate chamber, House chamber, and
conference or hearing rooms. Other schedules apply 1o the
library, the Speaker's apartment, the kitchen, storage areas, and
attics. The nightemergency access arcas are lighted at all times,
as are the public areas.

Lighting: Liphting loads are calculated from a count of
installed fixturcs and their wattages as shown in the elecirical
drawings and specificaions. Installed wattages in office and
conference/hearing areas are reduced by 10% to account for
rooms with the lights turned off; the lighting schedule is applied
to this value. The overall lighting schedule for a zone isa
weighted compasite calculated by muldplying the hourly schedule
factor for each use type by the proportion of wattage associated
‘wim that use, and summing over all use types.

On the basis of these cakulations, the average diversified
lighting load in the office spaces and adjacent corridors is about
2.0 W/it2, and in the library about 2.9 W/fi2. Diversified lighting
is higher in the Senate and House Chambers: 3.0 and 3.5 WH2,
respectively,
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Equipment: The equipmenm electrical load in offices and
hearing and conference roorns assumes a base plug load of
0.5 W/fi2, which includes coffee makers, task lighting,
answering machines, and other general office equipment. In
additon, a computer is assumed 1o be on every desk, with one
desk per 100 fi2 in siaff offices and one desk per office for
legisiators and aides. A power of 150 W is used as a typical
computer electrical load, averaged over its operating cycle, which
is Toughly equivalent 1o an IBM XT or AT (6, 9). This amount is
reduced by 10%, to account for diversity. Copy center
equipment is an additional ¢ lectrical load on the ground flocr.
When these loads are aggregated, the typical installsd
{diversified) load for the offices and adjacent circulation space is
0.810 1.0 W/i2.

In the library the diversified equipment load is 0.7 Wi/ft2,
which includes computers, copiers, mictoform readers, and other
equipment. The Senate chamber equipment load is 0.1 W/i2,
whereas the House chamber load is set a1 0.2 W/fi2 to account for
the additional power used by the TV monitors & each desk and
the electronic voting system.

j W

The cooling ioads generated by the building occupants are
based on information in the ASHRAE Handbook of
Fundamnentals (1). In addition, the Texas Building Energy
Conservation Design Standard (4) provides guidelines for hot
water use. The number of people used for these calculations is
based on a seat count in the Senate and House chambers and their
gallerics, and on an allowance of 15 fi2/person in hearing and
conference rooms, 100 fi2/person in office areas, and
200 f12/person in circulation areas,

A major source of infilration is the four sets of entrance doors on
the first floor, which are large, tend 1o open and close slowly,
and have no inner vestibule doors to reduce airflow. Based on
discussions with operating personnel, the infiltration rate for each
set of doors is estimated at 2,000 CFM in winter and 1,000 CFM
in summer. Infiltration is estimated at 0.1 air change per hour
(ACH) in the exterior zones, even with the building pressurized.

The model for the first-floor kitchen assumes high use for
lunch and dinner every weekday; equipment is commercial grade
with relatively high power demands and modest Jawent loads.
Included are appliances such as refrigerators, freezers, ranges,
and dishwashers. Diversity factors, schedule, and base
equipment load for the Speaker’s apartment were chosen to
reflect residential partemns.

Although many zones have a mix of HYAC equipment
types, this cannot be modeled with DOE-2. Therefore, each zone
is treated as having one system type, with either fan-coil, single-
zone, of multizone urits according 1o the predominant type of
equipment used in the zone. The ground and first floor offices
and the i are modeled as fan-cotl systems, with outside air
supplied by single-zone air-handling units {(AHUs) through
ducrwork and ceiling diffusers; the first-floor corridors, the
kitchen, and the tunnel o the Capitol Extension use single-zone
systems; and the second through fourth floors, the cenral core,
and the south wing use multizone systems. The fourth- and fifth-
floor awdcs have unit heaters w0 prevent freezing temperaryres,
while the upper part of the romnda is reated as an unconditioned
zone.

To control humidity, the fan-coil and multizone areas have
associated systerns that precondition cutside air and deliver it 10
the occupied spaces at neutral conditions of temperature and
humidity. Because DOE-2 does not ellow more than one system
10 serve a zone, the preconditioning systems are modeled
separately, and connected to durnmy zones, one set for alj fan-
coil systers and one set for all multizone systems, Thus, the
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_ precondidoning systems meet the outside air loads, while the
¢ main systems meet only internal and infilzation loads. As
esigned, the preconditioning systems use mixing of conditicned

outside air with rerumn air to achieve effective reheat, witha coil
bypass and damper system controlling the iemperature of the
outside air. These systems are modeled as reheat fan systems,
which is the only DOE-2 system type that can deliver air ar the
desired condidons. The reheat systerm uses a variable-
temperature (35°F 10 75°F) cooling coil, which is disabled at
outdoor wemperatures below 60°F, when dehumidification is not
needed.

Total supply, outside air, and exhaust airflows for each
zone are taken from the diffuser specifications shown on the
mecharical floer plans; outside airflows range from 13% 10 20%
of supply airflows. The fan power and airflow raies for the air
handlers are taken from the mechanical equipment schedules,
with the values for the multizone AHUs divided propordonally
among the zones served. The electrical power used by the fans
for each zone is specified en a KW/CFM basis, averaged over all
units serving the zone. -

Based on discussions with the State Purchasing and General
Services Commission {SPGSC), a chiller efficiency of
0.65 kW/icn and a steam boiler efficiency of 75% were assumed
for the central plant

CAPITOL RESTORATION ENERGY EFFICIENCY DESIGN
ALTERNATIVES

The set of design aliernatives that was analyzed is described
below.

I.  Additional Window Shutters. Add interior wood
shutters to 21,245 fi2 of window that are not included in the

: prerestored condition. These are modeled by changing the

b shading cosfficient from 0.82 to 0.65 and the U-value from 0.98
10 0.59 Brw/h-fi2-°F, These values assume that 75% of these
shutters are ¢losed at any given time. U-values and shading
coefficients are obtained from ASHRAE (1) and Pletzer et al. {(7)
for louvered wood shutters behind 1/4-in. glass in wood frames.

2. Cupola Venrilation Fans. Four 2,800 CFM cxhaust fans
are piaced in each of the fourth floor amics, These fans operate 1o
cool the attcs by drawing in outside air when the temperature in
the artic rises above 80°F and the ambient emperature is at least
4°F cooler,

3. Diaphragm at Oculus. Add a circular glass diaphragm at
the ocutus at the top of the interior dome to control venting
through the dome. This is modeled by eliminating general
infiltradion in the perimeter zones on all floors; local infilration at
the four exterior doors on the first floor is maintained.

4. Skvlight Interior Shade. Add a reflective-coated fabric
shade beneath the skylights in the fourth and fifth floor atics 10
inhibit summer solar heat gain. The shading coefficient of the
skylights is reduced from 0.86 to 0.30, and the U-value is
reduced from 1.23 1o 1.00 Bru/m-fi2-°F. These values were taken
from ASHRAE (1) for a high-reflectance, medium weave fabric
behind 1/4-in. clear glass in a metal frame with no thermal break.
This alternative was run with the shade in place zli year, and with
the shade used only during the summer months.

5. High-Efficiency Lamps and Ballasts. Substitute high-
efficiency lamps and electronic ballasts in all fluorescent and
me1a) halide fixtyres. This change is modeled by a reduction in
lightng wattage for five fixture types: 2.5% in the metal halide
fixtures, 22% in the 1- and 2-tube fluarescent fixtures, 20% in
the 2-tube/ 2-ft fluorescents, and 16% in the 3-tube/8-ft
flucrescents (luminous ceiling). This resuits in a reduction in
installed ighting wantage of approximately 15% in ground floor
and attic zones and 2% elsewhere (See Reference 3 for more
detal).

6. Lighd This includes the addition of
4-s1ep dimmers on the lights above the luminous ceiling in the
House chamber, and the installation of occupancy sensors in the
ground floor offices, and all hearing, conference, and resrooms.
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The occupancy sensors are assumed to save 25% of the occupied
period lighting energy use in the offices, and 40% of the
occupied petiod lighting energy use in the hearing and conference )
rooms and in the resorooms (2).

7. Uncondidoned Corridors. Delete the systems supplying
air 10 the east- and west-wing corridors on the first floor,
excluding areas adjacent to the exterior doors. This approach will
rely on infiltration and return leakage from adjacent zones, as
well as conduction through the walls of adjacent offices, for
ventlation and remperature control.

8. Dircee Digial Controls. These permit reset of the hot and
cold deck temperamures in the multizone systems 10 accommodate
the zones with the greatest heating and cooling Joads ar a given
hour. The base case reset from 105°F to 85°Fis deleied, but the
summer shutdown of the heating coils is retained; the fixed cold
deck temnperature of 55°F used in the base case is deleted.

9. . In this strategy the heating
thermostat is set back from 72°F to 67°F and the cooling
thermostat is set up from 75°F to 85°F during unoccupied hours
for all conditioned zones. The multizone system heating/cooling
coils are disabled, as necessary, 1o prevent forced temperature
offsets.

10. i i i i
Speed contruls are added to the fan motors of the single- and
multizone AHUS to reduce airflow during unoccupied hours
(10 PM 10 7 AM). During this time the fan-coil units are on
night-cycle controls and the outside-air dampers are closed,
except asnecessary Lo balance exhaust airflows. During the day,
the fans supply full design airflow, while at night they operate at
¢ither 50% ar 75% of design flow. This contol scheme is also
used for the outside-air preconditioning systems, as is detailed in
Reference 3.

11. Varigble Air Voluine Fans. Speed controls on the fan
motors of the single- and multizone AHUS are set to provide
condnyously variable supply airflow, at an average energy use of
approximately 0.6 W, The thermostats set the volume 1o
match the heating or cooling demand in the zones. As with two-
speed operation, this alternative was run with both 50% and 75%
minimum airflows, with the ratio of owtside air 1o supply air
maintained constant.

Variable-volume operation is also applied to the outside-ais
preconditioning system for the multizone systems.

12. High-Efficiency Motors. High-efficiency motors are
substituted for all supply and exhaust fans and for the elevator
drives. The standard motors are assurned to meet minimally the
Texas Energy Conservation Design Standard (Table 5-1 in
Reference 4); the high-efficiency motors are as detailed in the
specifications for the Capitol Extension {2}, differentiated by
motor size.

13. Increased AT Cooling Coil Design. In all HYAC
systems substitute cooling coils designed for 16°F rather than the
normal 10PF chilled water emperamre difference in the AHUSs,
and 12°F rather than 1C°F in the fan-coil units. This permits
reduced chilled-water flow rates through the coils and resulis in
lower pumping power. In addition, chilled water is supplied 1o

the cooling coils at 44°F, but reamns at 58°F rather than 54°F,
improving the central chiller efficiency from 0.65 10
0.61 kWiton.
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Alernadves 14-17 represent various combinations of HYAC +  Direct digi i
systzm conwol options, as idemified in Table 1. The final T 1 digital conerols (Alterpauve 8
composite of all alternatives selected for implementation includes * hermosiat offsets (Alternative 9)
the following; * Night-cycle operation with outside air shutdown

. . of Al i
*  Addidonal window shutters (Aitemnative 1) (parnt temative 10)

; . *  Variable-volume f; Alt i
+  High-efficiency lamps and ballasts (Altemnative §) . High-efficiency m:::r(s. ( ::::::::)1 2

* Increased AT cooling coil design (Allemative 13)

TABLE 1
Energy Use and Ceost Summary

o

"

Lighting control package (Alternative 6)

Texas Capitol Restoration Design Alternatives

MATU PEAK MBTU YEARLY EXPENSE {§} YEARLY SAVINGS {CO: H
ELECTRIC KW m}ﬂmc GAS TOTAL ELECTRIC GAS(TUSI!RL['
BASE CASE w2 2102 s | si2300 157200 669,500 - - -
ALTERRATIVE | 33,840 2,175 43,920 || 812200 156400 561,500 200 300 1,000
SHUTTERS
ALTERNATTVE ) 42 2,173 4. 510800 156200 657000 1500 1,000 1500
OCULUS DLAPHRAGM
ALTERNATTYE 4 s 1,161 ddalg 510,300 1SE100 568,600 1,500 {900) 900
SKCYLIGHT SHADE
ALTERNATIVRE dA 31745 2072 4,139 510,900 157300 553200 1,400 il v 1300
SKYLIGHT SHADE,
SUMMER ONLY
ALTERNATTVE § Lt 2,141 4l 24 504 500 157500 662,500 7500 300y T200
10.EFF LAMPS & DALLASTY
ALTERMATIVES 1IN 2,127 44258 505300 157600 662,900 1,00 (400) 6,500
LIGHTING CONTROLS
ALTERNATIVR T 33,757 1,178 44,140 SLIpOD 157,100 661,100 1,300 100 1400
CORRIDARS UNCONDITIONED
ALTERMATIVES 35442 2,110 0,332 457300 T2E00  SMp00 || 4500 $E00 120500
DOC HOTACOLD TECYS
ALTERNATIVE® 33,025 1224 313921 501400 113400 614000 (] lO500 43800 54700
THERMOSTAT GFFSET
ALTERNATIVE 10 2-SPEED OPERATION
S0% MINDAUM ARFLOW 35,695 2,185 15433 410500 126,00  S9E,T00|| 41,700 L1000 71800
5% MINIMUM ATIFLOW 36,433 2,185 37413 480400 133200 613,500 31,900 24,000 55500
ALTERNATIVE]]  VARLARLE VOLUME
0% MINDMUM AIRFLOW 30,302 1,881 23,830 19500 102,600 500000 || 112,800 800 147400
5% MDDAUM AIRFLOW 34,051 1,995 1090 || 449000 132000 SMO00 || &40 25200 £8.500
ALTERNATIVE 12 17,960 1,144 44,168 500500 157200 &SLI00[1 11,M0 — 11,000
HICH-EFF MOTORS _
ALTERNATIVE 13 37,853 223 44,168 499,000 157200 4563000 13200 _— 13,100
HiGi AT cona
Texas Capitol Restoraton Design Aliemative Combinations
MBTU PEAK MBTU YEARLY EXPENSE 5] YEARLY SAYINGS (COST} (3] [| PERCENT
ELECTRIC KW GAS ELECTNC CAS TOTAL ELECTRC GCAS TOTAL SAVINGS
ALTERNATIVE 14
DOC, THERMOSTAT OFFSET, 2-5PEED OPERATION,
Weptl ity 462300 ¥7.400 109,800 207 2300 309
0% MINDIUM ATRFLOW 11 AG6 2205 13310 414,900 47,400 F 3 .
5% MINMIMUM ARFLOW 31306 1208 13,056 426,000 46500 471500 15,300 110,700 197,000 29.4
ALTERNATIVE |$
e a ¥ Matis S0 104100 236600 153
SO% MINMUMAIRRLOW 20800 1,950 14912 379,800 53000 40| iR . . .
75% WIMMUMARFLOW 31,539 2,44 16,151 %) 5,800 59,600 475400 96,500 7LD 154,100 290
ALTERNATIVE 16
DDC, THERMOSTAT OFFSET, VARLARLE vOL UME,
MIGHT-CYCLE CONTROL
SO% MINTMUM ATIALOW 27,377 1,961 11,653 361,000 A500  A01300 || 151300 115,700 267000 399
75% MINIMUMARFLOW 29,854 2,054 12,308 393,600 45300 437400 [{ L1B.00 113,400 232100 .7
ALTEANATIVE 7
DDC, IERMDSTAT OFFSET
15,383 2.19% 18215 466,500 65200 S3LK0 45,800 N,000 137,80 206
Feial COMPCSITR
NEW SHUTTER S, HIGH-EFPICTENCY LAMPS & BALLASTS,
LMHTIRG CONTRALS, DDC, THERMOSTAT OFFSET!
SETUY, VARIABLE VOLUME, NIGHT CY LB WITHOA
SHUTDOWN, HIGH-EFPICTIENCY MOTCRYS, HIGH AT COLS
75% MINTMUMADRFLOW 21,529 131 12,052 343,000 42900 0550 || 149,300 114,300 163,mJ 393
-ha
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ENERGY ANALYSIS OF BASE CASE AND ALTERNATIVES

A summary of annual energy use and projected energy cost
savings for the DOE-2 simulatgns. using long-term (TMY)
weather data for Austin, are presented in Table 1. Results fo_r the
base case and for each ahernative and combinaton of aiternatives
are given. However, Alternative 2 (Auic Ventilation Fans) is
omitied because, as is discussed below, it results in zero energy
savings. )

Summary statstics for the base case are given in Table 2.
The peak electric demand is seen to be 2,182 kW (6.86 W/2),
and the anqual energy iniensity is 261 kBuy/fi-yr. Assuming
unliry rates of SO.angh and $3.56/MBtu as applicable 10 the
Capitol Complex for 1991, this gives an annual energy cost of
$669,500 or $2.10/fi2-yr. Because this electrical rate docs not
explicitly include dernand charges, the reduction in peak load will
give additional savings.

Evaluation of Desien Altermasi

Building Envelope Alternatives

jtional Wipdow . ‘The overall effect of the
additional window shutters is minimal, with savings of about
0.1% ($1,000/yr) of base-case energy expenses. Because of the
dark color of the shuriers and placernent inside the glass, there is
lintle reduction in solar gain. Although the shutters provide
additional insulation, this effect is minimal.

Attic Ventilation Fans. Because of the srong thermal
coupling berween the attics and the chambers below, the
condition of attic temperatures above 80°F with the outdoar
temperature at least 4°F lower never occurs, S0 energy savings
are zero, ‘When attic imperatures are high, the outside

temperaure is even higher. :

Do o The diaphragm at the dome
oculus reduces infiltration, but shows minimal effect and cost
savings. However, these simulation results are uncertain because
information abou infiltration in the building is at best an esimate.

Skylight Shades. The shades on the attic skylights also
produce linle savings (up to $1,300/yr), With full-year
deployment, almost half of the savings in summer coolm% load
are offset by the loss of beneficial passive solar heating of the
artics in winter. Savings are greater with the shade deployed in
the summer only, but this will be offset by the additional costs of
seasonal deployment and removal,

Interqa! Loat_ls Allerna'tives

J » This measure does not
?Teatly reduce the overall energy use because only fluorescents,
ou

nd in ground-floor offices, resrooms, mechanical rooms, and

attic luminous ceiling backlights, are affecied. However, there is
2 40 kW reduction in peak electrical demand.

.. Lighting Contol Package. The lighting control package
similarly has a smuall effect overall because it is applied to only a
small fraction of the lights, but has a significant et[?'ect in the
zones where it affects a majority of the lighting. Again, the
reduction in peak demand of approximately SS)g W is significans.

Systems Control Alternatives
ges in the operation of the HVAC systems provide the
greatest opponunity for cnergy efficiency and cost savings.

Adthough this alternative provides

linle energy savings, the elimination of the comidor HYAC
systems wil save on construction costs, Because the corridors
are buffered by surrounding zones, DOE-2 indicates that the
temperature will be maintained in the 75-79°F range throughout
the year. Actual tempertiures will match the surrounding zones
more closely because of conditioned return-air leakage from
offices and infiltration from the entrance iobbies.

i igi . The use of DDC in the multizone
systems is highly effective, indicating ef:zgy savings of nearly
$130,000/yr. Multizone systems with deck temperanures
are inherenty inefficient, :ﬂ)ecia]ly under low load conditions,
because both the heating and cooling coils operate at all times.
However, with DDC the cold deck temperature is set to meet the
cooling needs of the warmest zone, and the hot deck is set to
meet the heating needs of the coolest zone. This alternative
results in a projected reduction of 9% in electrical energy and
more than in natural gas energy.

Thermosiat Offsets, Thermostat offsets reduce energy use
when the building is essentially unoccupied. The reduction is

mostly in heating energy, with approximately 27% less gas used
than in the base case. ical energy reduction i3 only 2%,
with a 40 kW incyease in elecwic demand; energy cost
savings of nearly $55,00(/yr are about half of those obtained for
the DDC optien. The electric demand increase results from
zone temperziure n requiremenis.

This measure, which includes night-cycle operation of the fan-
coil units, substantially reduces energy use during unoccupied
hours through the reduction in supply and outside airflows. It

TABLE 2

Shipulated Anaual Energy Uss and Energy Cost for Prevastored and Restored Capliel *

Blectricit Gsas Erergy Energy Eleciricty{ Gas Total Enargy
Ell:::rkle nl::;:na' Use | Use Iatensity Costt | Cont Energy Cost
Demand | Intensity| &Wh) {M3Btu} | (MBtu) |(kBta/fA2.yr) $) ($) C{;I)R' :;}I:?f;‘r,)
kW) (winh)
Restaration 2182 6.36* 11,383,545 1 44,168 | $3,020 241 512,300 187,200 ( 669,540 1.108
Base Case
Restorsilon 1881 591 5,065,924 | 12,082 | 39,581 114 363,000 42,900 | 405,900 1.280
with
compoiite of
energy
elficlency
alternatives
£.26¢ |11,058,790 | 61,591 | 99,338 3164 497,600 | 219,200 | 716,800 2234

Prevestoredt § 16852

% Uility costs: $0.045KWh, $3.36/MB
© Based on calibrated model using long-4zrm (TMY) weather dan
4 Rased on eross usable ares of 314,095 017
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gives up 10 an 8% reduction in electrical energy, up to a 20%
reduction in gas use, and up to nearly $73,000/yr in energy cost
L vings.

h j . Using motor speed conmrols 1o
provide continuously variable supply arflow gives the greatest
projected energy savings of all the individual alternatives. The
reduction is up 1o 20% in elegtrical use, up to 35% in gas use,
and up to $167,000/yr in energy cost savings. In addition, there
is up to a 100 kW reduction in peak electric demand. This
conwrol strategy allows the HYAC systems to respond to heating
and cooling demands, rather than constantly operating to mest .
peak loads.

System Equipment Alternatives

The high-efficiency motors resultin 10% less electriciy
used by the fans, and 7% less encrgy used for elevators.
COverall, the motors pravide a 2% reduction in alectical
consumption, while the coils give 3% savings. Thercisalsoa
35 kW reduction in peak electric demand with high-efficiency
motots, and a 60 kW reduction with high AT ceils. Energy cost
savings are in the $12,000-13,000/yr range.

Combination Alternatives

The combination aliernatives show the coupled effects of
combined measures. Savings are similar 1o the individual
alternatives, although in most cases they are not directly addidve.
The final composite of all selected energy efficiency options gives
reductions of 29% in electrical energy use, more than 70% in
natural gas use, 100 kW lower peak demand, and an overall cost
saving of more than $263,000, or 39%.

Figures 2a and 2b compare the annual whole-building energy
use and cost for the base case and final composite, broken down
 byenergy end vse caiegory. Forthe base case, annual average
Ny l2nt heating energy use is 15.8 Brwh-fi2 and cooling energy use
W5 4.3 Buyh-fi2. These graphs show that the combined design
allernatives have a major ¢ffect on space heating, a significant
effect on space cooling and HV AC auxiliaries, but only a minor
effecton lighting and elevator energy use ang cost. Monthly
patterns of electricity and natural gas use (not presented here)
show less seasonal variation in natural gas use in the final
composite than in the base case (3). Comparative surmary
staistics are given in Table 2; note that the final composite
reduces peak demand to 1,881 kW (5.91 W/fi2), energy intensity
to ;24 kBtw/ftZ-yr, and energy cost to $405,900 or $1.28/fi2-yr.

MODELING OF THE CAPITOL IN ITS PRERESTORED
CONDITION

To calibrate our DOE-2 model of the Capitol, we modeled it
in its prerestored condition, as it was operated during the
January-Seplember 1991 period, before the beginning of
resiorztion construction. We modeled the building using the best
available input data for the DOE-2 simulation, These dawm were
taken from drawings and specifications, supplemented by
extensive surveys of the building, coupled with maintenance
personnel interviews, The results of this simulation were
compared with the measured whole-building electric darta, the
oniy reliable data available. Because of the considerable
uncertainty in some of the input data, mainly the instatled
equipment loads and the lighting and equipment diversities and
operating schedules, adjustments 1o these values were then made
10 calibrate the model 10 the measurements.

re i

The prerestored Capitol differs from the restored condition
rimarily in the ground floor of fice arrangement and in the
cypancy and equipment densities throughout all office areas.

In addition, the prerestored Capitol does not include the nnel to
the Capitol Extension, and so has a gross floor area of 314,095
ft?, of which 254,560 fi? are conditdoned. We relied on “as
built” drawings, supplemented by extensive surveys of the
buildine and interviews with building operating personnet, 1o
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define the DOE-2 model input. Described below are the changes
made to the DOE-2 model of the restored Capitol; items not
discussed here were wreated identcally in both the restored and

prerestored models,

i jon. In the prerestored condition the
core zone, which is unconditioned, extends down to the first
floor instead of the ground floor. The snack bar area and
electrical wansformer vault form an additional zone on the ground
floor. In addition, the tunnel to the Capitol Extension is dejeted,
the first floor corridors are unconditioned, and the first floor
kitchen is incorporated into the west wing as office space,
Mezzanine offices are added on the first through fourth floors.

The schedules for occupancy, lighting, and
equipment use, and for HYAC system operation, are essentially
the same as for the restored Capitol. An additon is a schedule for
the snack bar, and one for the external and dome floed lighting,
which is based on the sunrise and sunset hours.

Electrical Loads. Because no accurate as-built drawings
were available, lighting and equipment loads were established by
identifying a set of representative spaces (based on occupancy
density and use type), counting the number of fixiures and
equipment jtems, and recording the wattage specified on each (3),
Based on these swveys, power densitics were calculated for each
representative space. Then, with observations made during the
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sample surveys, in combinaton with available floor pians, the

-ones were subdivided inio representative spaces. Zonal
mposite lighting and equiprnent power densides were

determined as floor-area-weighted averages of these spaces.

Lighring: Specificatons for all comidor lighting, lighting
in the central core and dome, the extemal lighting and dome flood
lights, and the night/emergency lighting were obtzined through
censuliations with the Capitol mainienance staff. A lighdng
diversity factor of 90%, based on observation during surveys,
was included in the design values. Based on these procedures,
installed lighting levels are 2.08 W2 for offices and adjacent
circulation space, and 2.12 W/i? for all conditioned spaces.

Equipment: Specifications for equipment with high
power draws (for example, large copiers and printing
equipment}, were obtained from vendor informaton.
Approximate equi t diversity factors, estimated from
discussions with LIEe building occupants and mainenance staff,
were incorporated into the design values, Based on these
procedures, and an esimated diversity of 80%, design equipment
levels are 2.5 W/fi2 in the office spaces, resulting from high”
densities of computers, printers, FAX machines, and other office
equipment; a detailed zonal breakdown of lighting and equipment
loads is given in Reference 3, Equipment loads for the snack bar
were based on the assumption that the two 12 kW supply mains
were fully loaded during hours of peak operation. The elecwical
vauit specifications assumed that mansformer and switch gear
losses were 5% of rated power.

t Gai . We used the same procedures as
were used for the restored Capitol 10 caleulate heat gain from
occupants in the prerestored case, except that in the office spaces
the people densities were obtained from seat counts, rather than
from voplc per square foot values,

BVAC Systems. Each zone was treated as having only one
system fype: fan-coil, constant-volume reheat, or dual-duct,
according to the predominant type of equipment used in the zone.
The ground floor, first floor north wing and first floor west wing
south offices are modeled as fan-coil units, with outside air
supplied by single-zone air handling units through duct work and
ceiling diffusers; the Senate chamber and second and third floor
east wing offices are modeled as dual-duct, variable-air-volume
systems with outside air precondidoning; and the remaining
arzas, including the library and House chamber, are modeled as
constant-volume reheat sy siems. The first floor comidors, the
arics, and the lower and upper core zones are unconditoned.

The primary information sources for the air distribution
systems were the incomplese “as built” drawings and records of
revisions made 1o the mechanical systems, supplemented by
discussions with the Capitol maimenance staff and combined
with engineering judgement. Supply, outside air, and exhaust
flows were taken from the diffuser specifications. Outside
airflows ranged from 7 to 20% of supply airflows, with an
average of 16%. Fan power, design air flow rates, and reheat
coil temperatures were aken from the mechanical equipment
schedules, with the values for mulizone AHUs divided
proportionally among the zones served.

Plan ificatipns. On the basis of consultations with the
SPGSC, the chiller efficiency was set at 0,71 kW/ton and the
boiler efficiency at 65% for the period June - September 1991,
The chilled water supply temperature was set at 42°F,

DOE-2 was run using weather dala measured a1 the Capitol
Complex by the LoanSTAR monitoring program for the pericd
Jone-September 1991, The results are presented in Figure 3,
which shows the hourly whole-building electricity use, in
kilowans, plus the fan and outdoor lighting energy use
companents, for the third week of July, during which dme the

Legislamre was in session. Note that this plot, which is based on

appropriate hourly reports from DOE-2 1o be comparable with the
measured data, does not include heating or cooling plant energy;

however, local fan and pump use is included. Thus, these results

represent the behavior of an existing building as predicted by a
carcfully consgucted model, but without the enlightenment of a
cornparison 1o measured data.
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Note that peak weckday electicity use is 1460 k'W, while at
night the use drops 1o 470 kW. The effect of wurning on and off
the exterior lights, 2 90 kW load, can be seen clearly. Although
the weekday and weekend periods are clearly distinguished, » :
Saturdays and Sundays were modeled identically. !
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Figure 3 Simulated whole-building electricity use
(exciuding heating and cooling plant
enargy} for preresiored Capitol - third
week of July 1991

ibratiof AND; el w Yy ricity Dala

Monitored hourly data for the Capitol were collected only
far shon periods during 1991. Because of constuction on the
Capitol Extension and insrumentation contractor problems, 3

steam condensate pumgp run time data are available only for
portions of January and February, chilled water energy data are
available for about two wecks in April, and whole-building
¢lectric data are available for July-September, The whole-
building electric measurements are the only reliable ones of the
three sets.

Examination of the measured elecwmicity use shows
consistent daily and weekly patterns (Figure 4), Furthermore,
Sanwday patterns are distinct from Sunday patterns when
legisiators and their staff are preparing for the coming work
week. The morning buildup in electricity use (7 AMto 1] AM),
and the evening decline (5 BM to midnight), are nearly linear,
with a superimposed pulse representing the exterior lighting.
Usage is flat from 11 AM to 5 PM. Note that the buildup and
decline ransitions are not nearly as abrupt as was assumed in the
precalibraton simulation. Another interesting observation is that
the Scptember measured electricity use declines slightly from that
of July and August, coinciding with the end of the legislative
session (August 25) for that year.
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T
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Filgure 4a
Seasonal Pattern tor July through September 1991
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Measured Whole-Bullding Electriclty Use
{Heating anhd Cooling Plant Energy Excluded)
for Prerestored Caplic)

A remarkable feature of the measured data is that the
reduction in building electricity use from the daytime peak 10 the
nighttme and weekend valleys is only some 25%, rather than the
appraximately 75% shown in Figure 3 for the precalibrated
model; the peaks are lower, and the valleys are considerably
higher than predicted. This indicates that the schedules for
lighting and equipment {especially equipment) are lower than
expected during the peak occupied period. Furthermore, lights
and equipment are not being tumed off at night and on weekends
nearly as much as expected. Based on these resuits, a set of
typical day types (weekday, Saturday/ holiday, and Sunday) was
developed to represent the diumally varying schedule for Lights
and equipment (Figure 5). These schedules were calculated by
taking the rato of hourly to peak electricity use at each hour for
the four plus weeks of Fuly.

Using the typical day schedules, and adjusting them 10
match the electricity use observed in the measured data for July, a
calibrated DOE-2 mode] was run for the same three-month pericd
of 1991, with the results shown in Figure 6. As expected, the
cimutated and measured electricity use results compare closely.

Finally, an annual simulation was rn using the calibrated
mode! for the prerestored Capitol with long-term (TMY) weather
data for Austin. The resulis represent the expected annual energy
use for the building, including all heating and cooling plant
energy, with the assumption that the Legislature is in session
throughout the year. Annual results are presented in Table 2,
which shows that annual total energy intensity is 316 kBru/ft2-yr,
and peak electric demand is 1,652 kW (5.26 W/fi2). Using the
1991 ytility rates used for the restored Capitol, this results in an
annual energy cost of $716,800 or $2.28/fs%-yr, Hopefully, this
high energy use will be reduced by the inclusion of the package
of energy efficiency alternatives in the restored Capitol.

DOE-2 User News, Vol 13, No.4 9

Wk fuliding Bacile KW /

14

Bchaduls Faclor
-

-

T

[T} -L L

o 5 w0 1
Hour
Figute 5 Normalized schedule factors for typleal day

types for prerestored Caplig) - based on
measured whole-bullding electrlc data

—Meterad
Simulated

0 L i L Il L 1 1
Ao u “ 7 uw * - o n
Oy

Figure 6 Comparison of calibrated mode! for prerestored

Capllol with measured whole-building electric
data - third week of July 1891

CONCLUSIONS
Based on this analysis of the Capito), the following
cenclusions can be drawn,

1. a. Building envelope measures (such as additional
window shuniers, a diaphragm at the dome oculus, and a
skylight shade) save minimal energy and energy cost, on the
order of only a few thousand dollars per year. Lighting measures
(high-efficiency lights and lighting controls) resull in modest
energy cost savings of $6,000 to $7,000 per year, and peak
demand reductions of about 50 XW. System equipment measures
(high-efficiency motors and high temperatgre difference cooling
coils} show annual energy savings of $12,000 10 $13,000 and
peak demand reductions of up to 60 kW,

b. The most effective energy cost reduction measures
are HVAC system control measures, such as direct digital contol
of coil temperatures, thennostar offsets, and 2-speed or variable-
air-volume fans with cutside air control, These saveuplo
5167,000 per year and reduce peak demand by up to 300 kW,

¢c. A composite of all selected energy efficiency
measures is expected to save nearly $264,000 per year (a 39%
savings), and result in a peak demand reduction of 300 kW (a
14% reduction).
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2. When modeling a building that has highly unusual
occupancy and use patterns, such as a state Capitol, uncertainties
in lighting and eguipment use can be considerable. Even when
extensive survey data are available, the uncertainry in lighting and
equipment opetating schedules, is sufficient to cause peak electric
power 10 be significanty over-predicted; similarly, nighmime
electric power is likely to be substantially under-predicted if it is
assumed that the vast majority of lights and equipment are turned
off at night. It seems that occupants don't turn lights off, or
cleaning crews um them back on. Furthermore, office
equipment such as computers, copiers, and FAX machines is
likely left on overnight

3. Measured whaele-building electricity use for the Capite!
during the sunmer legislative session of 1991 shows remarkably
consistent daily and weekly energy use pasems. Thus, typical
weekday, Sarurday, and Sunday lighting and equipment
schedules can be developed to calibrate successfully an hourly
simulaton model of the building.

4. Simulated anrnual energy use for the Capital in its
prerestored condition is 316 kBny/fi2-yr. It is hoped that this
high energy intensity will be reduced by the inclusion of the
package of energy efficiency aliernadves in the restored Capitol.
Furthermore, more energy conscious behavier of the occupants
in murning off lights and equipment when not in use, will also be
necessary to reduce this energy intensity.
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Proceedings from the ACEEE 1892 Summer
Study on Energy Efficiency in Buildings are
now available. The 1il-volume set (plus
index) includes 285 peer-reviewed papers and
poster abstracts that examine the growing
role of energy efliciency in our changing
economic and political environment. The
proceedings cost $162.00ppd (California
residents please add 8%% sales tax} and may
be ordered {rom

ACEEE

2140 Shattuck Avenue, #202
Berkeley, CA 94704.

Ph: (510) 549-9914 or FAX -0984
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This document was prepared as an account of work
sponsored by the US Government. Neither the US
Government nor any agency thereof, nor the Reg-
ents of the University of California, nor their
employees, makes any expresa/implied warranty
or assumes legal liability or responsibility for
the completeness, accuracy, or usefulness of infor-
mation, apparatus, product, or process disclosed,
or represents that use thereof would not infringe
privately owned rights. References herein to spee-
ific comrnercial products, process, or services by
tradenames, trademarkas, manufacturers, ete., does
not necessarily constitute or imply its endorse-
ment, recommendation, or favoring by the US Gov
ernment or any agency thereof, or the Regents of
the University of California. Views and opinions
of the authors expressed herein don’t necessarily
state or reflect those of the US Government or
agencies thereof, or the Regents of the University
of California, and shall not be used for
advertising or product endorsement. So therell
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Announcing PRC-DOE2
A PC Version of DOE-2.1D for

I . \ \\ $295

\\\\\\\\\\\\\\\\\\

N

§ DOE-2 is a building energy simulation program that has become a standard tool
N

for DSM and code compliance analysis. The DOE-2 program is flexible enough to
model a simple house or a million square foot airport, detailed enough to allow
the specification of up to 64 zones and 40 systems, and sophisticated enough to
include daylighting, sunspaces, cogeneration, load control and even user-defined
functions.

-

The Partnership for Resource Conservation (PRC) is offering the latest microcom-
puter version of DOE-2, including two weather files and weather conversion utili-
ties, for $295. PRC also offers custom utility programs for creating multiple
DOE-2 input files, analyzing DOE-2 output and creating monthly average and
peak load shape curves. On-site training and program support are also available,

Cost of PRC-DOE2 and PRC-TOOLS, January 1993

PRC-DOE?2 program only $205

Custom DOE-2 tools for $195 - $695

creating multiple runs, analyzing | (training or phone
end-use demand and costs, and support recommended )

creating load shapes.

DOE-2 training and support. call for information

The DOE-2 program is compiled to run on an IBM compatible 386 or 486 com-
puter with a math co-processor installed and at least 4 Megabytes of RAM. Pur-
chase of PRC-DOE2 includes two weather data files of your choice (317 North
American locations); additional weather files can be purchased for $25 each. Lim-
ited support is available for other versions of the DOE-2 program. We also pro-

vide support for specific DOKE-2 projects and give training sessions in the use of
PRC-DOE2 and custom utilities.

To order your DOE-2 package or for more information, contact:

Z Paul Reeves AW
,y////% \\\\\\\\\\\

The Partnership for Resource Conservation
140 South 34th Street
Boulder, CO 80303

Phone/Fax: (303) 499-8611 N
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Index to the DOE-2 User News

Volume 1, No. 1 (August 1980) through Volume 13, No. 4 (Winter 1992)

KEY:

The Index hists User News volumes, issues, and page numbers as follows: Name of Article, pro-

gram version that was current when article appeared, then Volume, Number (No. I=Spring,
No. 2=Summer, No. 3=Fall, No. 4¢=Winter), and page number.

For example, the entry “Advanced Simulation (2.1C)...7:4,4-8" tells the reader that the article titled
“Advanced Simulation”, which appeared when DOE-2.1C was the current version of the program, will
be found in User News Volume 7:Number 4, on pages 4 through 8.

ADVANCED SIMULATION
Advanced Simulation {2.1C}...7:4,4-8
DOE-2 and the Next Generation (2.1C). .6:4,1-2
{BPSA {2.1C).. 82,47

BUGS

in DOE-2.1
About bugs...1:1,3
BDL...1:1,4-6; 1:2,6
LOADS. .1:1,6
SYSTEMS...1:1,7; 1.2,7-8
PLANT. .1.1,9-10, 1.2,8
Weather.. 1:2,6

in DOE-2.1A
All bugs..3:4,36
BDL...2:1,3-6; 2:2,9-10; 2:3,5,

3:1,8-10; 3:1,13; 3:3,3
LOADS. 2:1.7, 23,5, 31,10
SYSTEMS...2:1,8-12; 2.2,10-11, 2:3,5,
3:1,10-12; 3:2,5, 3:3,3

PLANT. .2:1,12-14; 2:3,5; 3:1,12
ECON . 22,1t
Weather...2:1,6

in DOE-2.1B
All bugs.. 5:4,3-6
BDIL... 4:4,5; 51,4
LOADS. 4:4,6; 51,5
FLANT. 4:48; 81,5
SYSTEMS. . 4:4,8; 51,5
Weather.. 4467 5:1,5

in DOE-2.1C
All bugs.. 9:3,4-16
BDL...7:1,9-33; 9:1.4: §:2.2
ECON. 7:1,9-33
LOADS. .7:1,9-33; 7:3,13-14; 8.1,6; 8:4,5
PLANT. ..7:1,0-33; 84,6
Reports. .7:1,6-33; 8:1,6
SYSTEMS...7:1,9-33; 84,4-5; 9:1,3-5
Weather...7:1,9-33; 8:2.3

in DOE-2.1D°
BDIL...11:1,5;11:3,17 20
LOADS ..11:3,11,17.19
PLANT...11:3,12
Reports...11:3,17 20
SYSTEMS. .11:3,11-15,21-23
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DAYLIGHTING
Glazing Optimization Study (2.1A)..3:34-5
Daylighting Design Tool Survey ... 11:2,12-17,12:3,19-24
Daylighting Network (2.1C)...6:1,1-2
Daylighting with Muitiple Skylights {2.1D)...13:2,2-5
Modeling Complex Daylighting (2.1C)...11:1,6-15
SUPERLITE {2.1C).. 82,1
Seeing Daylight in So. Calif. (2.1C)..6:3,1
Sunspace/Atrium Model in 2.1C. 5:4,1-2

DOCUMENTATION
Basies Manual...12:3,1,28-29
Plant...12:4,10
System type: HP...11:1,21-22
System type: PIU...11:1,16-20
System type: PMZS...11:2,5-7
System type: PSZ...11:2,2-4
System type: PTAC. .11:3,2-4
System type: PVAVS..11:2,8-10
System type: RESYS...11:2,8-10
System type: SZRH ...10:4,2-5
System type: TPFC...11:3,5-7
System bype: VAVS, 11:1,23-25
BDL Summary...1:11,11-14; 1:2,9-12; 2:1,15; 4:4,3;
§:4,4; 9:4,2-3; 11:3,1,27; 12:1,21.24; 12:2 51
Engineers Manual...7:1,7-8; 13:2,6-14
Reference Manual...1:1,11-14; 2:1,16-20
4:14; 44,3; 5:1,3; 54,7
Sample Run Book...1:1,11-14; 8:3,5; 9:4,2-3
Supplement..44,3; 5:1,3;, 644; 114,23, 123,131,
133,16
Users Guide...1:1,11-14; 21,15

DOE-~2 {program-general topics)
Analyze DOE-2 Outputs Quickly (2.1C)...10:2,7-12
ASHRAE/IES Standard 60 (2.1C)...6:1.3
CECDOEDC California Compliance Tool .. 12:4,1,12-14
COMPLY24 (California Compliance Tool)...12:2,2-6
Cooling Towers, Hot Tips for...13:3,2-3
Discovering the Unexpected w/DOE-2 (2.1C)...7:1,3-6
DOE-2 and CCIP (2.1E)...12:3,16-18
DOE-2 and Research at LBL (2.1A4)...3:2,1-8
DOE-Plus Pre- and Post-Processor (2.1D)...11:4,4-13
DOE-SCAN Output Interpreter (2.1D)...12:4,2-3
Electric Ideas Clearinghouse .11:3,1
Energy Analysis of the Texas State

Capitol Restoration...13:4,2-10
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Energy Efficiency in Singapore (2.1B)..5:1,1-2

Energy Science & Technology Center. 12,41

EPRI/DOE Collaboration...12:4,4-5

Graphical Tools Calibraie DOE-2..13:1,5- 14

Guidelines for Simulation of Bldgs. . 13:3,4-8

National Energy Software Center...11:2,11

New Features in 2.1A .2'1,1; 2:2,1

New Features in 2.1D. .92 3-6

Plant Operating Strategies {2.1D}...12:3,2- 15

PG&E’s Pacific Energy Center.. 13:1,15

Sky Simulator at LBL (2.1B).. 4:2,3

Southern Cazlifornia Edison's “Design
Assistance Program" {2.1D)...12:2,48

Using DOE-2 in the Design Process (2.14)..3:2 4

Utah’s Building Design Center...13:2,53

DOE-2 (program-specific topics)

Alphabetical cross index of commands and

keywords {(2.1D)...12:2,7-46
Atrium Buildings, How to Model {(2.1C)...7:3,2-7
BDL fix: "symbol table full" (all)..9:2,2; 11:1,5
COMEINE (2.1D)...11:2,1
Cooling Systems, How to Size (2.1C).. 10:1,2-8
Custom Weighting Factors (CWT)

Automatic CWF (2.1A)..2:2,2-3

Input Guidelines (2.1)...1:1,15-16

Caution and Error Messages (2.1)...1:2,2-3
DSNFIL, File structure for {2.1A)..3:1,6-8
Economic Evaluation Methods {2.1A).. 3:1,3-5
ECONOMICS, Electric Rate Structure (2.1C)...5:3,1-3
Electrical Generation Strategies (2.1B)...4:2,1.2
Functional Values, Development of (2.1B)...3:4,1-2
Functional Values, Example Inputs (2.1D)...12:1,2-4
Glazing Optimization Study (2.1A)...3:3,4-5
Graphs from DOE123 (2.1C,D)...10:3,5-7
Hourly reports...13:1,4
LOADS: High heating loads with low cooling

loads (2.1C vs D)...12:2,47
[ce Storage Systems, How to Model (2.1C)...8:1,2-5
Input Macros for Residential Windows (2.1D)...12:1,5-17
LDSCUT, File structure for (2.1A)...3:1,6-8
Metric Option in 2.1C..4:3,1
Output Reports (2.1A).22,4-6
PLANT, Direct Cooling in (2.1A)..3:1,2
Powered Induction Units (2.1B).. 4:1,2
Reports (Upgraded) in 2.1B...4:4,1-2
Schedules, Preparation of {2.1B)..4:1,3; 4:2,4; 9.3,2-3
Systems, Developments in (2.1C)...5:3,34
SYSTEMS, Sizing Option in (2.14)...2:3,3
Stud Wall Construction {2.1A). .2:3 4
Sample Run Book Qverview (2.1C)...6:2,1
Sunspace/Atrium Model in 2.1C...5:4,1-2
VAV Elevated Supply Air Temps (2.1B)...4:3,2-3
VAV: Fan Sizing (2.1A).. 2:2,7-8
Weather, Processing Nonstandard (2.1CD)...10:3,2-6

DOE-2.1
Articles related to Version 2.1
Custom Weighting Factors
Input Guidelines...1:1,15-16
Caution and Error Messages...1:2,2-3
WRISC...1:2,4
Bugs
About bugs...1:1,3
BDL...1:1,4-6; 1:2,6
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LOADS. 1.1,
SYSTEMS...1:1,7; 1:2,7-8
PLANT 1:1,9-10; 1:2.8
Weather . 1:2,8
Documentation Updates
BDL Summary...1:1,11-14; 1:2,9-12
Reference Manual. .1:1,11-14
Sample Run Book. .1:1,11-14
Users Guide...1:1,11-14
LOADS
EQUIPMENT-KW.. 1:1,19
verification reports...1:1,17-18
passed from SYS to PLT.. 1:1,17
SHADING COEF.. 1:1,17
schedujes ... 1:2,14
PLANT
BEPS (report)...1:1,20
minimum input. 1:1,20
HOT-WATER...1:2,13
SYSTEMS
COCL-CONTROL. 1:2,13
EQUIPMENT KW .. 1:1,19
MIN CFM RATIO . 1:1,19
RETURN CFM...1:2,13
PTAC..1:2,13
SYSTEM-FANS. 12,13
thermostat.. 1:2,14
WEATHER
Tapes...1:1,17

DOE-2.1A

Articles related te Version 2.1A

Automatic Custom Weighting Factors. 2:2,2-3

CIRA..3:2,2
Direct Cooling in PLANT .. 3:1,2
DOE-2 vs BLAST Comparison...2:3,1-3

DOE-2 vs CERL Data for VAV and Reheat ..3:2,3

DOE-2 on a Microcomputer...2.3,1-2
DOE-2 and Research at LBL.. 3:2,1-8
Economic Evaluation Methods...3:1,3-5
Fan Sizing for VAV Systems.. 2:2,7-8

File Structure for LDSOUT and DSNFIL. 31,68

Glazing Optimization Study_ 3:3,4-5
Output Reports...2:2 4-6
New Features in 2.1A..2:1.1; 2:2,1
Sizing Option in SYSTEMS.. 2:3,3
Stud Wall Construction.. 2:3,4
Using DOE-2 in the Design Process, 32,4
Bugs
All bugs...3:4,3-6
BDL.. 2:1,3-6; 2:2.9-10; 2:3,5; 3:1,9-10;
3:1,13; 333
LOADS. 2:1,7; 2:3,5, 3.1,10
SYSTEMS.. 2:1,8-12; 2:2,10-11; 2:3,5;
3:1,10-12; 3:2,5; 33,3
PLANT. 2:1,12-14; 2:3,5; 31,17
ECON.. .2:2,11
Weather...2:1,6
Documentation Updates
BDL Summary.. 2:1,15
Reference Manual.. 2:1,16-20
Users Guide...2:1,16
ECONOMICS
symbol table.. 2:1,21
INCREMENTAL-INVESTMENTS .. 2:2.13
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LOADS

DHW heater . 2:1,22

DITW temp.. 2:1,12

heat recovery...2.2,12

MULTIFLIER..2:3,8

symbal table . 2:1,21
PLANT

cooling towers... 2.2, 12
equipment combinations.. 3:2,6
symbol table...2:1 21
SYSTEMS
ABORT command . 2:1,22
DDS system...3:1,13
residential ground water heatpump..3:2,6
sizing /behavior of systems...2:1,22.23
symbal table . 2:121 -

DOE-2.1B

Articles related to Version 2.1B
Electrical Generation Strategies...4:2,1-2
Elevated Supply Air Temps: VAV 4:3,2-3
Energy Efficiency in Singapore...5:1,1-2
Functional Values, Development of...3:4,1-2
New Features in 2.1B.. 2:1,1, 2.2}
Powered Induction Units. .4:12
Preparing Schedules.. 4:1,3; 4:2,4
Sky Simulator at LBL,..4:2,3
Upgraded Reports in 2.1B...4:4,1-2

Bugs
All bugs..5:4,3-6
BDL. 4:45; 5:1,4
LOADS 448, 51,5
SYSTEMS. 4:4,6; 5:1,5
PLANT. 4:4,8; 5:1,5
Weather.. 4:4,6; 51,5

Documentation Updates
BDL Summary.. 44,3
Reference Manual., 4:1,4; 4.4,3; 51,3; 54,7
Sample Run Book...8:3,5
Supplement.. 4:4,3; 5:1,3

LOADS
daylighting.. 5:4,7
hourly report variables. 4:1,5

PLANT
BEPS (lighting)...5:4,6
ice storage.. 5:4,7

SYSTEMS
cooling /heating, LOADS to PLANT. 4:1,5
dual systems...3:4,7
fan coil units...5:4,6
heating/cooling unit ventilation...4:2,6
kitchen exhaust.. 4:2,5
radiant panel heating/cooling...4:2,5
startup controls...3:4,7
steam radiation, with vent.. 4:2,5
steam radiation, without vent. 42,5

DOE-2.1C

Articles related to Version 2.1C
A Minute Per Zone on PC's.. 11:1,2-4
ADM-2 7:26-9
Advanced Simulation...7:4,4-8
ASHRAE/IES Standard 90..6:1,3
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Discovering the Unexpected w/DQE-2..7:1,36
Cooling Systems, How to Size. . 10:1,2-8
DOE-2 and the Next Generation. 6:4,1-2 o
Functional Values, Development of...3:4,1-2
Metric Option in 2.1C...4:3,1
MICRG-DOE?2...7:4,2-3
Microcomputer Update...6:1,2
Modeling Atrium Buildings. .7:3,2-7
Modeling Complex Daylighting...11:1,6-15
Modeling Ice Storage Systems.. B:1,2-5
PC-DOE Overview...7:2,2-3
New Elec. Rate Structure, ECONOMICS. 5:3,1-3
Sample Run Book Overview.. 62,1
Seeing Daylight in Southern California. .6:3,1
Sunspace/Atrium Model in 2.1C.. 5:4,1-2
Systems, Developments in 2.1C.. 5:3,3-4
Using PC-DOE ... 7:2 4-5
Validation of DOE-2: the Collins Building. . 8.32-4
Weather Data for DOE-2. 7:49-14
Weather Processor Update 7.3 810
Weather Utility Program_ 7:3,10-12
BDL
schedules...9:3,2-3
symbol table full.. 9:2,2
BUGS
All bugs.. 9:3,4-16
BDL...7:1,9-33; 9:1,4
ECON...7:1,9-33
LOADS...7:1,9-33; 7:3,13-14; 2:1,56; 84,5
SYSTEMS. .7:1,9-33; 8:4,4-5; 9:1,3-5
PLANT...7:1,8-33; 8:4,6
Reports...7:1,8-33; 8:1,6
Weather. .7:1,9-33; 82,3 )
Documentation Updates
BDL Summary...6:4,4
Engineers Manual...7:1,7-8
Supplement...6:4,4
LOADS
run times 2.1B vs 2.1C...7:1,2
SET-DEFAULT, ROOF + EXT-WALL. 83,5
SYSTEMS
bypass system..6:1 3
specifying occupancy...6:4,2
BEFPS (hourly report variable)...6:4,2
warmup cycle.. 8:3,5
VVT systems...9:1,2

DOE~2.1D
Artieles related to Version 2,1D
Alphabetical ¢cross index of commands and
keywords ...12:2,7-46
BDL Summary...9:4,2-3
CECDOEDC California Compliance Tool  12:4,1,12-14
Caoling Towers, Hot Tips for...13:3,2-3
DOE-Plus Pre- and Post-Processor...11:4,4-13
Energy Analysis of the Texas State
Capitol Restoration...13:4,2-10
Functional Values, Example Inputs...12:1,2-4
Evaporative Cooling ...12:4,1
Graphical Tools Calibrate DOE-2...13:1,5-14
Hourly reports...13:1,4
Input Macros for Residential Windows ... 1211 5-17
LOADS: High heating loads with low cooling R
loads (2.1C vs D}...12:2,47 1
New Features in 2.113...9:2,3-6 4

e
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Plant Operating Strategles (2.1D).. 12:3,2-15
Sample Run Book...9:4,2-3
Scuthern California Edison’s “Design
Assistance Program™ 12:2 48

BDL

symbel table full {2.1D)...11:1 5

Documentation Updates

Basic Zfanual

System type: HP...11:1,21-22

System type: PIU...11:1,16-20

Systern type: PMZ5..11:2,5-7

System type: PSZ...11:2,2-4

System type: PVAVS. 11:2,8-10

System type: SZRH...10:4,2-5

System type: VAVS. 11:1,23-25

BDL Summary...11:3,27; 12:1,21-24

Supplement... 11:4,2-3; 12:3,31

ECONOMICS Subprogram ’
INCREMENTAL-INVESTMENTS (2.1A)...2:2,13
New Electrical Rate Structure {2.1C).. 5:3,1-3
symbo! table {2.1A)...2:1,21

LOADS Subprogram
building shades (?.1A)...2:3,6
EQUIPMENT-KW (2.1)...1:1,19
Daylighting {2.1B}...5:4,7
Daylighting with Muitiple Skylights {2.1D}...13:2,2-5
DHW heater (2.14)...2:1,22
DHW temp (2.1A)...2:1,12
heat recovery (2.1A)...2:2,12
high heating loads with low cooling
leads (2.1C vs D)..12:2,47
hourly report variables (2.1B).. 4:1,5
MULTIPLIER (2 1A)...2:3,6
run times 2.1B vs 2.1C..7:1,2
schedules (2.1)...1:2,14
SET-DEFAULT, ROOF + EXT-WALL {2.1C).. 835
SHADING COEF (2.1)..1:1,17
symbaol table (2.1A)...2:1,21
SYSTEMS to PLANT (2.1)...111,17
verification reports (2.1}...1:1,17-18

DOE-2.1E

Articles related to Veraion 2.151
New Features in 2.1E..13:1,2-3

MICROCOMPUTER PROGRAMS

DOE-2 Related
A Minute Per Zone on PC's. .11:1,8-4
CECDOQEDC California Compliance Toal...12:4,1,12-14
COMPLY24 (Calif Compliance Tool)...12:2,2-6
DOE-2 on a Microcomputer (2.1A)..2:31-2
DOE-Plus Pre/Post-Processor (2.1D)...11:4,4-13;13:2,54-56
EPRI/DOE Collaboration..12:4 4-5
Evaporative Cooling ...12:4,1
Graphs from DOE123 (2.1C,B). .10:3,5-7
MICRO-DOE2 (2.1C)...7:4,2-3
PC-DOE Overview (2.1C)...7:2,2-3
PRC-DOE2 Description (2.1D)...13:4,11
Quick Analysis of Outputs (2.1CD)...102,7-12
Using PC-DOE (2.1C)...7:2,4-5

Other
ADM-2 (2.10)..7:2,6-9
CIRA (21A)..3:2,2

-15-

Daylighting Design Tool Survey ...11:2,12-17
Microcomputer Update (2.1C).. 6:1,2
SUPERLITE (2.1C)...8:2,1

WINDOW-2.0 (2.1C}...8:4,2-3

WINDOW-3.1 (2.1C,D)...10:2,5-6

PEAR (2.1C).. 82,2

WRISC (2.1)...1:2,4

PLANT Subprogram
BEPS {report} (2.1}...1:1,20
BEPS [report) (2.1A)...2:3,6
BEPS (lighting) (2.1B)..5:4,6
cooling towers (2.1A)...2:2,12
Direct Cooling in PLANT {2.1A)..3:1,2
equipment combinations (2.1 A).. 3:2,6
HOT-WATER (2.1)...1:2,13
ice storage {2.1B)...5:4,7
minimum input (2.1)...1:1,20
Plant Operating Strategies (2.1D)...12:3,2- 15
symhol table (2.14)..2:1,2]

SYSTEMS Subprogram
ABORT command (2.1A)..2:1,22
BEPS (hourly report vanable) {2.1G)...6:4,2
bypass system {2.1C)...6:1,3
COOL-CONTROL (2.1)...1:2,13
cooling/heating, LOADS to PLANT (2.1B). 4:1,5
DDS system (2.1A)...3:1,13
dual systems (2.1B)..3:47
EQUIPMENT KW (2.1)...1:1,19
fan coil units (2.1B)...5:4,6
heating/cocling unit ventilation (2.1B)...4:2.6
kitchen exhaust (2.1B)..4:2,5
MIN CFM RATIO (2.1)...111,19
PIU (2.1D)...11:1,16-20
PMZS (2.1D)...11:2,5-7
PSZ (2.1D)...11:2,2-4
PTAC (2.1D}..1:2,13
PVAVSE (2.1D}...11:2,8-10
radiant panel heating/cooling {2.1B)..4:2,5
residential ground water heatpump (2.1A).. 3:2,6
RETURN CFM (2.1}...1.2,13
sizing /behavior of systems (2.1A4)...2:1,22-23
specifying occupancy (2.1C).. 6:4,2
startup controls (2.1B)...3:4,7
steam radiation, with vent {2.1B). 4:2,5
steam radiation, without vent {2.1B)...4:2,5

SYSTEM-FANS (2.1)..1:2,13
SYSTEMS, Sizing Option in (2.1A)...2:3,3
SZRH...10:4,2-5

thermostat (2.1)...1:2,14

VVT systems [2.1C)...9:1,2

Warmup cycle (2.1C).. 8:3,5

VALIDATION
Validating DOE-2: Collins Bldg {2.1C)...8:3,2-4
DOE-2 vs BLAST Comparison (2.1A)...3:3,1-3
DOE-2 vs CERL Data: VAV and Reheat (2.1A)...3:2,3

WEATHER
Data for DOE-2 (2.1C)..7:4,9-14
Nopstandard Weather Data (2.1C,D)...10:2,2-6
Processor Update (2.1C)..7:3,8-10
Tapes (2.1)...1:1,17
Weather Utility Program (2.1C)...7:3,10-12
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Program

Related Software and Services

Mainframe Versions of DOE-2

DOE-2.1D (Source Code)
For DEC-VAX mainframe or SUN-4 mini-computer; contact the
Simulation Research Group for directions on obtaining the program.

Simulation Research Group
Bidg. 90, Room 3147
Lawrence Berkeley Laboratory
Berkeley, CA 94720
Contact: Kathy Ellington
Phone: {510) 486-5711

FAX: 486-4089/5172

DOE-2.1D (Source Code)

For DECVAX, Order #159-D6220-00
DOE-2.1C (Source Code)

For IBM3083, Order #158-13083-00

For DECVAX11, Order #158-DVX11-00

For a complete listing of the software available from ESTSC order
their "Software Listing" catalog ESTSC-2.

Energy Science and Technology
Software Center

P.0O. Box 1020

QOak Ridge, TN 37831-1020

Contact:
Phone: (615) 576-2606
FAX: (615) 576-2866

FTI-DOEv2.1D (Source Code)

This is a highly optimized and basically platform independent version
of the DOE-2.1D source code. Will compile for most computing sys-
tems. The original LBL 2.1I) source code is also available in a variety
of distribution formats. Site licenses and educational discounts are
available. Also available is the full set of program documentation as
distributed by NTIS and weather files (TMY and TRY) in a variety
of distribution formats.

[See User News Vol.12, No.4, p.16 for more information|

Finite Technologies, Inc

821 N Street, #102

Anchorage, AIX 99501

Contact: Scott Henderson

Phone: (807) 272-2714 ))
FAX: (807) 274-5379

Microcomputer and Pre- and Post-Processor Versiona of DOE-2

PRC-DOE2 {For Microcomputers)

A fast, robust and up-to-date PC version of DOE-2.1D. Runs in
extended memory, is compatible with any VCPI compliant memory
manager and includes its own disk caching. 377 weather data files
available (TMY, TRY, WYEC, CTZ} for the U.S. and Canada

[See User News Vol.13, No.4, p.11 for information|

PRC-TOOLS

A set of programs that aids in extracting, analyzing and {ormatting
hourly DOE-2 output. Determines energy use, demand, and cost for
any number of end-uses and periods. Automatically creates 36-day
load shapes. Custom programs also available,

Partnership for Resource
Conservation

140 South 34th Street

Boulder, CO 80303

Contact: Paul Reeves
Phone or FAX: (303) 499-8611

Pre-DOE (A BDL math pre-processor)

Nick Luick

19030 State Street
Corona, CA 91719
Phone: (714) 278-3131

DOE-2 User News, Vol.13, No.t -16-

"

DOE-2 User News, Vel.13, No.4



Microcomputer and Pre- and Post-Processor Versions of DOE-2

{ continued )

MICRO-DOE2 (For Microcomputers)

MICRO-DOE?2 (DOE-2.1D) has been in use since 1987; it is an
enhanced PC version of the DOE-2 program (over 500 users world-
wide). Two versions of MICRO-DOE?2 are available: a regular DOS
version for all IBM-PC compatibles and an extended DOS version for
386 or 486 computers only.

[See User News Vol.7, No.4, p.2 and Vol.11, No.1, p.2 for more information]

Acrosoft International, Inc.
Suite 230

9745 East Hampden Avenue
Denver, CO 80231

Contact: Gene Tsai, P.E.
Phone: (303) 368-9225
FAX: (303) 368-5929

ADM-DOEZ2 (For Microcomputers)

ADM-DOE2 (DOE-2.1D) is for professional energy analysts who
require a state-of-the-art simulation tool for building energy use. It
performs a detailed, zone-by-zone hourly simulation and includes a
wide array ol modeling features that make it possible to simulate
“real buildings’’. These capabilities offer much grater accuracy and
detall than is possible with handbook methods or simplified analysis.
[See User Mews Vol.7, No.2, p.6 for more information]

ADM Associates, Inec.
3239 Ramos Circle
Sacramento, CA 95827

Contact: Marla Sullivan, Sales

Kris Krishnamurti, Support

Phone: (916) 363-8383
FAX: (916) 363-1788

DOE-Plus™ (For Microcomputers)

DOE-Plus is used to interactively input a building description,
run DOE-2, and plot graphs of simulation results. Features
include interactive error checking, context-sensitive help for all
DOE-2 keywords, a 3-D view of the building that can be
rotated, and several useful utilities. DOE-Plus is a complete
implementation of DOE-2.

See User News Vol.ll, No.4, p.4 and Vol.13, No.2, p.54 for more
information|

Prep™

Prep is a batch preprocessor that enables conditional text sub-
stitution, expression evaluation, and spawning of other pro-
grams. Prep is ideal for large parametric studies that require
dozens or even thousands of DOE-2 runs.

ITEM Systems

P.O. Box 5218

Berkeley, CA 94705-0218
Contact: Steve Byrne

Phone: (510) 549-1444
FAX: (510) 549-1778

“DOE-24 /Comply-24" (For Microcomputers)
DOE-24 is a special DOE-2 release which is both a California-
approved compliance program [or the state’s 1992 non-residential
energy standards, and a stand-alone version of DOE-2.1D which
includes a powerful yet easy-tc-use input preprocessor. A free
demonstration program is available upon request.
|See User News Vol.12, No.2, p.2 for more information]

Gabel Dodd Associates
1818 Harmon Street
Berkeley, CA 94703
Contact: Rosemary Howley
Phone: (510) 428-0803
FAX: (510) 428-0324

FTI-DOEv2.1D (For Microcomputers}

Highly optimized version of DOE-2.1D available for the following
operating systems: DOS, VMS, ULTRIX, S3CC UNIX, RS/6000 (AIX),
NeXT and SUN Sparc. Call for more information.

[See User News Voi.12, No.4, p.16 for more information]

Finite Technologies, Inc
821 N Street, #102
Anchorage, AKX 99501
Contact: Scott Henderson
Phone: (907) 272-2714
FAX: (807) 274-5379

Graphs from DOE-2 {For Microcomputers)

Ernie Jessup

4977 Cancga Avenue
Woodland Hills, CA 91364
Phone: (818) 884-3997
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Microcomputer and Pre- and Post-Processor Versions of DOE-2

{ continued )

CEDDOEDC (For Microcomputers}

CEDDOEDC {Version 1.0A) is a microcomputer version of DOE-2.1D,
integrated with a pre- and post-processing system that was designed
strictly for compliance use within the State of California. It generates
some of the standard compliance forms as output.

Refer to Pub. No. P40091009 for the CECDOEDC Frogram with
Manuals. Refer to Pub. No. P40091010 for the DOE-2.1 California
Compliance Manual.

[See User News Vol 12, No 4, p.13 for more information)

Publication Office

California Energy Commission
P.O. Box 844205

Sacramento, CA 94244-2050

RESOURCES

DOE-2 User News

Sent, without charge to DOE-2 users, the newsletter prints documenta-
tion updates and changes, bug fixes, inside tips on using the program
mare eflectively, and articles of special interest to program users.

Regular features include a directory of program-related software and
services and an order form for documentation, In the summer issue
an alphabetieal listing is printed of all commands and keywords in
DOE-2, and where they are found in the documentation. The winter
issue leatures an index of articles printed in all the back issues.

Simulation Research Group
Bldg. 90, Room 3147
Lawrence Berkeley Laboratory
Berkeley, CA 94720

Contact: Kathy Ellington
Phone: (510) 486-5711

FAX: (510) 486-4089 or -5172
e-mail: kathy%gundog@lbl.gov

DOE-2 Training
DOE-2 courses for beginning and advanced users.

Energy Simulation Specialists
84 East Broadway, Suite 230
Tempe, AZ 85282

Contact: Marlin Addison
Phone: (602) 967-5278

Instructional DOE-2 Video and Manual

JCEM/U. Colorado
Campus Box 428

Boulder, CO 80309-D428
Contact: Prof. Jan Kreider
Phone: (303) 492-3915

Weather Tapes
TMY (Typical Meteorological Year)
TRY (Test Reference Year)

CTZ {California Thermal Climate Zones)

WYEC (Weather Year for Energy Calculation)

National Climatic Data Center
Federal Building

Asheville, North Carolina 28801 ¢ 75"

704) 259-0871 climate data
704) 259-0682 main number

California Energy Commission
Bruce Maeda, MS-25

1516-9th Street

Sacramento, CA 95814-5512
1-800-772-3300 Energy Hotline

ASHRAE

1791 Tullie Cirele N.E.
Atlanta, GA 30329
(404) 836-8400
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mEDOE-2 ENERGY

CONSULTANTSE N

Consulting Engineers

Craig Cattelino

Burns & MceDonnell Engineers
8055 E. Tufts Avenue, Suite 330
Denver, CO 80237 (303) 721-9292

Consultant

Greg Cunningham

Cunningham + Associates

512 Second Street

San Francisco, CA (415) 495-2220

Microcomputer DOE-2 for European Users
Werner Gygli

Informatik Energietechnik

Weiherweg 19

CH-8604 Volketswil Switzerland

Consultant
Jeff Hirsch
2138 Morongo

Camarillo, CA 93010 (805) 482-5515

Large Facility Modeling

George F. Marton, P.E.

1129 Keith Avenue

Berkeley, CA 94708 (510) 8-11-8083

Computer-Aided Mechanical Engineering

Mike Roberts
Roberts Engineering Co.
11946 Pennsylvania

Kansas City, MO 64145 (816) 942-8121

Mainframe DOE-2 for European Users
Joerg Tscherry

EMPA, Section 175

8600 Dubendorf Switzerland

Consultant

Philip Wemhofl
1512 South McDuff Avenue

Jacksonville, FL 32205 (904) 632-7393

Consultant

Steven D. Gates, P.E.

Building HVAC Design /Performance Modeling
9718-A Fair Oaks Boulevard

Fair Oaks, CA 95628 (916) 638-7540

Consultant

Donald E. Croy

CAER Engineers, Inc.

814 Eleventh Street

Golden, CO 80401 (303) 279-8136

Mechanical Engineers

Chuck Sherman

Energy Simulation Specialists

64 East Broadway, Suite 230
Tempe, AZ 85282 (602) 967-5278

DSM and Energy Engineering
Michael W. Harrisen, P.E.
Energy Resource Management, Inc.
305 West Mercury
Butte, MT 59701 (406) 723-4061

Consulting Engineers

Jeff Ponsness, P.E.

Criterion Engineers

5331 SW Macadam Ave., Suite 205
Portland, OR 97201 (503} 224-8606

Consulting Engineers
Susan Reilly
Enermodal Engineering
1554 Emerson Street
Denver, CO 80218 (303) 861-2070

Consultant

Martyn C. Dodd

Gabel Dodd Associates

761 Sir Francis Drake Blvd.

San Anselmo, CA 94960 (415) 456-7588

This Space Available
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Document

DOE-2 Program Documentation

Order Number Price

DOE-2 Basics Manual (2.1D)
BDL Summary (2.1D)
Sample Run Book (2.1D)
Reference Manual (2.1A)
Supplement (2.1D)

Engineers Manual (2.1A)
[algorithm descriptions]

Order from:

5285 Port Royal Road
Springfield, VA 22161

* Prices shown are for shipment within the United States; for
shipment to foreign countries, double the U.S. prices.

National Technical Information Service

DE-920-07955 43.00%
DE-890-17726 26.00*
DE-890-17727 66.00*
LBL-8706, Rev.2  115.00%
DE-890-17728 59.00*
DE-830-04575 50.00%

Phone (703) 487-4650
FAX (703) 321-8547

LAWRENCE BERKELEY LABORATORY

SIMULATION RESEARCH GROUP 20-3147

UNIVERSITY OF CALIFORNIA
BERKELEY, CA 94720
USA

ADDRESS CORRECTION REQUESTED
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